ABSTRACT. The full-length cDNA of dog preproendothelin-3 (PPET3) was cloned from lung tissue using RT-PCR and rapid amplification of cDNA ends. Aside from the poly (A) tail, the full-length cDNA was 1976 bp. A polyadenylation signal sequence and one copy of a consensus sequence, ATTTA, which is related to mRNA turnover, was found in the 3' noncoding region. The cDNA had a 594-bp open reading frame encoding a 198-amino acid polypeptide. Regions corresponding to a bioactive mature ET3 peptide, an intermediate form known as big-ET3, and an ET3-like peptide were observed in dog PPET3. Expression of PPET3 mRNA was detected throughout the organs examined, which included heart, lung, liver, kidney, spleen, stomach, pancreas, duodenum, colon, uterus, ovary and testis. KEY WORDS: cDNA cloning, dog preproendothelin-3, mRNA expression.
The endothelin (ET) family of peptides comprises three isoforms, endothelin-1 (ET1), endothelin-2 (ET2)/vasoactive intestinal contractor (VIC) and endothelin-3 (ET3). The ET peptides have very similar molecular characteristics: All are composed of 21 amino acid residues with two intramolecular disulfide bonds. Of these isopeptides, ET3 is essential for embryonic development, participating in the differentiation of tissues derived from vagal and trunk neural crest cells [1, 7] . ET3 plays other physiological roles including involvement in hormone regulation [13] , diuresis [4, 18] , and cardiac action [8] . The elevated plasma and urine concentrations of ET3 observed in some human renal disease and states suggest a possible involvement of the peptide in the pathogenesis of these diseases [17] . The cDNA sequence and the primary protein structure of the precursor from of ET3, PPET3, have been determined in human [2] , mouse [11] and rat [12] . In human, two types of spliced variants of PPET3 from placenta and hypothalamus are reported [2, 9] . In this study, through the molecular cloning of dog full-length PPET3 cDNA, we investigated the primary protein structure of dog PPET3 and organ distribution of the transcript. Dog tissues (heart, lung, liver, kidney, spleen, stomach, pancreas, duodenum, colon, uterus, ovary and testis) were obtained from 10-year-old male and female beagles, and they were preserved at -80°C immediately after freezing in liquid nitrogen. For cDNA cloning, total RNA was prepared from lung homogenate (100 mg of tissue) using Isogen solution (Nippon Gene, Japan) according to the manufacturer's protocol. mRNA was obtained from total RNA by oligo (dT)-cellulose chromatography (Amersham Pharmacia Biotech, UK). First-strand cDNA was synthesized with mRNA using Moloney murine leukemia virus (MMLV) reverse transcriptase (Clontech, U.S.A.) according to the protocol provided by Clontech. Oligonucleotide primers (forward: 5'-TTCATGGAGCCGGGGCT-3', reverse: 5'-TGTAGTTGGACAGTCCATAGGGC-3') used to amplify a middle partial region of dog PPET3 cDNA were designed based on nucleotide sequences conserved among human [2] , mouse [11] and rat [12] . Using these primers, PCR was performed with AmpliTaq Gold DNA polymerase (Applied Biosystems, U.S.A.) under the following conditions: 1 cycle of 95°C for 10 min; 35 cycles of 95°C for 1 min, 60°C for 1 min and 72°C for 3 min; and 1 cycle of 72°C for 30 sec. Double-strand DNA sequencing was carried out by the Dye Terminator Sequencing method (DigDyeTM Terminator Cycle Sequencing Ready Reaction Kit, Applied Biosystems, U.S.A.) using the ABI 310 DNA sequencer. To clone the 5' and 3' ends of the cDNA, 5'-and 3'-rapid amplification cDNA ends (RACE) was performed with a RACE system (SMART TM RACE cDNA Amplification Kit, Clontech, U.S.A.) as previously described [15] . For RACE-PCR, gene-specific external and internal (nested) primers were designed based on the partial cDNA sequence, obtained as described above. 5'-RACE PCR was performed with external (5'-TGTTGATCCAGATGAT-GTCCAGGTGGCAA-3') and internal (5'-CGTGGAC-CTCCTGCCGCGGAA-3') primers under the following conditions: 5 cycles of 94°C for 5 sec and 72°C for 3 min; 5 cycles of 94°C for 5 sec, 70°C for 10 sec, and 72°C for 3 min; 25 cycles of 94°C for 5 sec, 68°C for 10 sec, and 94°C for 3 min; and 1 cycle of 72°C for 3 min. 3'-RACE PCR was performed with gene-specific external (5'-TGACCTC-CGCCGCAGG-3') and internal (5'-CCGAGAGGAG-CAAGAACTAGG-3') primers under the same conditions used for 5'-RACE PCR.
The full-length cDNA sequence of dog PPET3, shown in Fig. 1 , was obtained by combining the overlapping regions. Aside from the poly (A) tail, the dog PPET3 cDNA is 1976 bp, which is similar in length to human PPET3 [2] . The ATG and TGA triplets corresponding to the predicted initiation and stop codons are located at nucleotide positions 75-77 and 669-671 of the cDNA, respectively. The cDNA has a 594-bp open reading frame (ORF) encoding a 198-amino acid polypeptide. In the 3'-noncoding region the consensus polyadenylation signal AATAAA [10] is observed at positions 1955-1960. One copy of the consensus sequence, ATTTA, is present at positions 1883-1887. The motif, which also is found in human PPET3 cDNA [2, 9] , is proposed to mediate selective translation-dependent destabilization of mRNA, as was demonstrated for the cytokine gene [3, 6] . Comparative analysis shows that the similarity of the dog ORF sequence with that of human, mouse or rat is 76. ) are present in dog PPET3 (Fig. 1) . Considering the presence of dibasic amino acid pairs, which are recognized for processing by endopeptidases [14] , at both the N-and C-terminals of the big-ET3, it is possible that the 42-amino acid intermediate polypeptide is generated by cleavage at the two sites R 87 -R 88 and R 131 -R 132 as it is in human, mouse and rat [2, 11, 12] . Furthermore, together with the fact that a proteolytic target site for endothelin converting enzyme between W 109 and I 110 is present within the big-ET3 at the same position as in human, mouse and rat [2, 11, 12] , these findings suggest that dog bioactive ET3 is generated through the same proteolytic processing steps that have been proposed for those mammals. Organ distribution of PPET3 mRNA was investigated by RT-PCR using total RNAs from dog heart, lung, liver, kidney, spleen, stomach, pancreas, duodenum, colon, uterus, ovary and testis. A gene-specific primer pair (forward: 5'-TAGCCTCCGCCGCAGG-3', reverse: 5'-TGTAGTGGA-CATCCATAGGGC-3') was designed based on the cDNA sequence obtained by cloning. Glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) cDNA was amplified as an internal control using a primer pair (forward: 5'-CTTCACCACCATGGAGAAGGC -3', reverse: 5'-GGCATGGACTGTGGTCATGAG -3'). PCR was performed with AmpliTaq Gold DNA polymerase (Applied Biosystems, U.S.A.) under the following conditions: 1 cycle of 95°C for 10 min; 35 (PPET3) or 25 (GAPDH) cycles of 95°C for 1 min, 65°C for 1 min and 72°C for 1 min; and 1 cycle of 72°C for 30 sec. Figure 2 shows the organ distribution of dog PPET3 transcripts. PPET3 mRNA is detected throughout the organs examined, including heart, lung, liver, kidney, spleen, stomach, pancreas, duodenum, colon, uterus, ovary and testis. The finding of predominant expression of PPET3 mRNA in dog lung, kidney, duodenum and uterus is consistent with results of previous studies on mouse and rat [5, 16] . However there is a differential finding that dog PPET3 mRNA was expressed in liver as well as testis, whereas mouse and rat mRNAs were not detected in these organs.
In this study we ascertained fundamental information on dog PPET3, including the cDNA sequence, primary protein structure and organ distribution of the mRNA. These findings will provide a basis for further detailed studies on dog PPET3 to acquire a better understanding of the physiological and pathological functions of ET3 in dog. 
